the rate of inactivation (Claude, 1937a (Claude, , 1937b Claude and Rothen, 1940) . Adams (1948) has shown that for the E. coli phage series T1-T7 this inactivation is a surface phenomenon. A dilute suspension of T7 phage (104 per ml.) in buffered saline at pH 6.5 was totally inactivated at 26°C. by gentle shaking for 35 minutes. If the shaking was carried out in the absence of gas space, albeit with glass beads in the tube, inactivation was negligible. Adams (1948) found that as little as 0.01 y per ml. of gelatin had a protective effect and 1 y per ml. gave complete protection for T5 phage for 14 minutes. The duration of the protective effect was found to be a function of the gelatin concentration, since the gelatin itself is "denatured." Protection could also be obtained with gum arabic or with serum albumin although 100-fold and 10-fold the gelatin concentration were required.
This work may well provide the theory behind the observation that viruses are more stable when diluted in serum or broth than when the dilutions are made with salt or water. Equally one might expect that small viruses would be inactivated more rapidly than larger, and that the rate of inactivation would be proportional to temperature, since the forces responsible for bringing the particles to an interface will be thermal forces.
Such conditions as these have frequently been realized empirically. Rivers and VVard (1935) sought to add a material to vaccinia virus suspension which would (a) act as a protective agent, (b) add bulk to the final product and (c) go back into solution with ease, carrying the virus with it. Egg albumin fulfilled these conditions, but was antigenic and 2.5 per cent gum acacia was substituted with considerable success.
Behrens and Ferguson (1936) made similar observations on the same virus. They studied, as protective agents, peptone (0.1 per cent and 1.0 per cent), glycerol (25 per cent and 50 per cent), inactivated rabbit serum (10 per cent), gelatin (0.1 per cent), isotonic glucose and 1:1000 and 1:2000 neutralized cysteine hydrochloride. Of these, 1 per cent peptone and 01 per cent gelatin gave maximum preservation. Schade (1945) found that phage suspensions containing initially 1 x 109 active particles per ml. and frozen-dried without protection were reduced after reconstitution to 1 x 103 particles per ml. Addition of Difco meat extract before drying resulted in a final count of 1 x 105 per ml., whereas extracts of fresh brain, kidney or pancreas afforded complete protection.
The problem was that of preserving the Rous agent in bulk in a form suitable for chemical and biochemical investigation and with virtually unreduced biological activity.
The protective agent was sought with optimum properties: (a) be readily separable from the virus, (b) provide a reticulum at the drying stage, such that drying takes place rapidly, (c) prevent virus aggregation, (d) have antioxidant properties.
MATERIALS AND METHODS.
The results of these investigations, which extended over a long period, are summarized in the following tables. The methods by which the initial virus concentrates were produced were common throughout and, to simplify the tables, the following abbreviations will be used to describe the purification of the virus prior to freeze-drying and after the subsequent rehydration. These results are variable; 4 of 9 experiments showed a final titre of 10-5 or more. There appeared to be no advantage in using a broth-containing medium in the pre-freeze-drying processing and no difference in the result if the tryps' treatment was carried out before or after the desiccation. The use of the broth alone gave much better results and the use of a mixture was therefore discontinued.
Freeze-drying in Lemco-Tryp8in (Table IV) .
The Sharples deposits were resuspended in Lemco broth, a few mg. per cent crystaRine trypsin added and the suspension immediately frozen-dried.
TABLEIV.-Lemco-Tryp8in.
Resuspension Resuspension medium (6). method (7). Assay (frozen-dried).
lo-' io-3 10-6 10-6 10-14 io-5 10-6 io-5 10-5 10-3 10-5
Date.
Interval after freeze-drying (days 
These suspensions were " self-protecting " to a large extent because they were unfractionated before freeze-drying. Two points emerge. First, the use of 10 per cent saline for rehydration, either alone or buffered to pH 7-2, was disadvintageous-of the other 9'experiments, 7 gave a titre of 10-5 or better. Second, the use of 1:10,000 Lissapol for rehydration had no deleterious effect upon the virus. Freez6-drying in Lemco (Table V) .
The Sharples deposits were resuspended in B-T and " purified " by fractional centrifugation. The virus pellets were then resuspended in Lemco broth and frozen-dried.
TABLEV.-Lemco. Assay (frozendried).
10-5 10-6 10-7 10-6 10-6 10-6 10-4 10-4 10-6 10-6 I  II  II  I  I  I  II  I  II  II  II  II  II  II  II With the exception of two differences in the nature of the resuspending medium, the conditions for th-ese 15 experiments are almost identical. In at least 2 cases the titre of the recovered virus was higher than that of the fresh material. In II of the 15 experiments the titres were 10-5 or better, and it is also apparent that the titre bears no direct relationship to the interval between freeze-drying and rehydration and asskv.
In other experiments (Table VI) the Sharples deposits were resuspended in various media all but one of which contained broth, and, in the majority of experiments tabulated, the suspension was frozen-dried without further " purifi-
The variations were produced in the nature of the resuspending media. medium (3). method (4). freeze-drying medium (6). method (7). The results show that the use of buffer or salt solution for rehydration was not advantageous. In 5 of 14 experiments there was a titre oflo-5or higher, and in 4 of these the deposit had been resuspended in water or water-trypsin. The other had been treated with trypsin at pH .0-0. All except one (23. v. Dmochowski's (1948) results are confirmed in so far as virus may be recovered after drying-and our preparations had all been treated with 1:10,000 HCN during the isolation procedurebut it was not possible under these conditions to recover as much as 60 to 80 per cent of the initial virus activity as he claimed.
Salt solutions had no preservative action, and broth-containing media showed immediate advantages, even where the suspensions had been " purified " by centrifugal fractionation before desiccation. The action of the broth appears to be Ponfined to the freezing-and-drying cycle or subsequently, since nothing was gained by carrying out the concentration stages in broth or broth-containing media, for which buffer-trypsin is quite satisfactory. It is unhkely, therefore, that the effect is solely an example of the phenomenon described by Adams (1948) . The conditions of freeze-drying, moreover, do not involve vigorous shaking of the material but, equally, there is as yet 'no knowledge of the surface conditions which exist at an ice surface which is gradually receding through a drying mass. The observation that weaker (10,per cent) Lemco broth is a less effective protective agent is of interest in this respect.
It is possible to suppose that the action of broth and similar material is complex, that one or a combination of such factors as the foRowing are important: (a) The broth pro-vides optimum conditions during freezing-such as an optimum eutectic point; (b) that protection is conferred against the deleterious effect of' heavy metals or of oxidation systems; (c) that, in some way, the tendenoy of the virus to aggregate is reduced; or (d) that an optimum amount of water only is lost. The interesting suggestion has been made that the preservative action of glycerol and sugar solutions in general is a result of water retention in or around the virus or bacterium (Kaiser, 1942) . There appear to be no data available for the degree of dryness which has been achieved -with other dried viruses. It may well be that it is possible to remove irreversibly water which is part of the internal structure of the body, with resultant inactivation.
Three, (a), (b) The investigation has been aided by the award of the Laura 'de Saliceto Studentship (1946) (1947) (1948) (1949) (1950) 
